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S&latlims of ^ylsobutnUiUM UM» 1^0, fiMi* tm Smtr^ imro 

proporad mt ceocMt^otioM t^^OS ||^. pot^^MM tevo Hfrlo^dUHr 

noi^to to too raafo 5 to t x 1<P ka^ praaiMalp kaaa t^avm ^ toi<^ 
Mti-^att^[ propertlea to Jat*-A» M too ^i^akil^ of ^ 

aoltttiona* eapaciallp alt low tM^raturea, tka ^ear vlaeoaity n of toeaa 
tolotlona «aa Maauiad t^i^aratoraa 25*C, 0*C, ^ -I5*C. 

Gonceiitratioo-4apaQda^» of n waa vary atoilar for all four polyaer 
8olutca» tke increasa of iKc) at ppa keii^ xoagkly four-fold C relative to 
<lat-A) for tlM L-aeriea and five-fold for tte >~seriea. Ikia Ix-^kavi^ 
prevailed ^ all tea^raturea, and tkere wm no evidea^ of pkas'i aepwratioo 
or otker ckoalcal tostability at -25*C at aof conceutratioa. to tke aore 
practical c-ruage for aati-aistii% ^plieatloas, aay witkia 1^)0 ppa, tte 
increase of n(c) was <mly twofold* 


BACRBROOID 

R has been mply deBonstrated^*"^ that a saall mount of polyimric solute 
dissolved in a kerosene-based Jet fuel reduces tte ignitiMi and flaaaability 
of fuel sprays. Interest is this pkenoaenon st«M froa its potential for 
suppressing fires in aircraft sufferii^ cra^ landings that are otherwise 
suTvivable. the aechanisa for fire suppression involves polyaer- induced 
alterati<Mi of fuel rheology* so that crash iapacts at noraal speeds will 
produce sprays having very few of tke fine droplets (D < 10 pa) which are 
needed to propagate an ignition event* ^ 


Ihere reaain a nual^r of practical problem* however* One of these is 
the question of fuel puapability* Rheological alterations in the fuel include 
an increase of viscosity and the appearance of elasticity* both of which can 
aake the liquid more difficult to frcm fuel tatik through fuel lines and 

filters to tke engines* Even without the induced elasticity* idiich retards 
stretching notions (e.g.* in droplet foraation)* the viscosity enhanceaent is 
potentially a source of concern because of the additional pressure needed to 
produce shear flows within the fuel delivery systea* 

The latter concern was the one addressed in the present work* There is 
general acknowledgement that easily-dissolved linear iralyaers (e.g** 
polyisobutylenes* PIB) function effectively as antlalstlng agents*^ but the 
extent to which they Increase fuel viscosity — especially at low temperatures— 
was not known* Oir project objective was therefore to detemlm the Newtonian 
viscosity n of PIB solutions in Jet-A fuel over a range of practical polyaer 
concentrations and realistically low temperatures* 

EXPERIMBNTS 


Materials’ * Pour linear PIB's of comercial origin were used here; these and 
others were characterised hf 6PC to our previous work** so their aolecular 
weight distributions and averages are mil known* These four samples were 
L160 and L200 "Vistanex” froa Exxon* and B200 and B230 "Oppanol* from BASF. 
Values of and obtained frm GPC traces were: 5.0 x 10^* 3.6 for 

L160; 5*4 X 10®, 4*9 for -00; 6*0 x 10®* 4.3 for B200; and 9*0 x 10®, 8.2 for 
K30* Values of obtained from viscosity data on solutions (extrapolated to 


1 


e 0 to eteoltt intrlMie viscosity t^l thst is corrslstod witk 1^) wsts 
slwsys slighkly sasller thtt the cited valMS, as mst be so. 

Jet-A ms obtaimd fro« 9iell Oil 0»* at Odtlaad Airport. $olotioos mrs 
prepared with ertreae care, to preveot aechanieal degradatioa of the polyser 
solute. Firely t’ivided c^ittks of tiie rubbery polyaer wire i^aced ia a fla^. 
covered with Jet-A, aod the flask slmfly rotated aK»t<» drive) at m angle 
in a ware mter teth. Is this my. stock solutioas of 3000 ppa ^ weight were 
prepared over a period of several days, and solutions of Imier concentratloa 
were obtained by mccessive dilution. At all tiaes during pr^aratim asd 
storage, solutions were covered to prevent vaporization of the lighter 
cOBponents of Jet-A «id inadvertent concentration change. 

Apparatus . Ilw original Intent was to test viscosities down to -A5.i*C 
^-50.0*F) . Bowever, with the aodlfled Inidget ($11,451 in direct costs) aid 
less than a year to work, this objective could not be achieved. Ihe necessary 
refrigeration systea ma ^signed, components ordered, and asseably begun, 
tfhen it was noted that the systea could not be ready Iqr the Agreeaent 
terainatlon date, an alternate strategy ms devised and a siapler systos Imilt 
that could be used to acquire data dom to -25.0*C (-13.0*F). 

This latter systea ms a "phase change" thermostat, consisting of a 
constant-i.;:?q>erature bath (in which viscometers were immersed) filled with a 
liquid undergoing a slow freezing/melting process at temperature Thus. T 

“ 0‘C was achieved with a bath nediua consisting of ice and water in 
equilibrium, and T ” -25.0*C was achieved in a bath of carbon tetrachloride 
(Tj « -25* C) that was cooled Iqr s jacket of dry ice (If ■ -44* C). 

Measurements at room temperature (24* C) were made as usual. 

Viscosities were measured with U-tube Ubbelohde capillary viscometers. 

The tine t needed for fluid to flow through the capillary from one level to 
another by gravity is proportional to n/p. where p is density, but since p was 
iK>t affected by the presence of trace polymer we have n a t (neglecting 
correction factors that were always small). 

RESULTS 

Viscosity of the Jet-A at 20*C was 1.78 mPa*s (cp). as determined from f) 

- Bt where B was determined by calibration with water at this temperature. At 
other temperatures, the same B was used because capillary performance is <mly 
slightly affected iff thermal changes in this range. 

Results are displayed as n(c) for the Vistanex polymers in Fig. 1 and for 
the Oppanol poljnsers in Fig. 2. Da each case, data correspond to the three 
temperatures -2S*C. 0*C. and 4-25*C. Sensitivity of viscosities explicitly to 
temperature is given in Figs. 3 and 4 for polyne'rs with e ■ 500 ppm and 3000 
ppm. respectively. Li each case n(T) for Jet-A is given for comparison. 

There was no evidence with any of the FIB solutions that chemical 
Instability occurred. Fluids even at -25* C were found not to gel and not to 
produce visible cloudiness, as might be expected for cases of colloidal 
precipitation. Thus, even for the highest im>lecular weight (B230 with ^ “ 

9 X 10^) at the highest concentration (c “ 3000 ppa) and the lowest 
temperature achieved here (T “ -25*C). FIB solutions in Jet-A appear to be 



short of saturation and chenlcallf stable. Ihls desirable situatl<m is 
•atched all polyners beii^ consider^ as anti•is^.il 4 candidates* 

DISCUSSIOH 

Figures 1 and 2 (note the logarithnle ordinate scale) show ^e expected 
Bonotonically increesii^ behavior of n(c). At each tesperature* the tuo 
Vlstanex polyaers (Fig. 1) achieve viscosities at 3(KK) ro«^hly four-fold 
larger than Jet-A. idiile tte t«io Oppanols (Fig. 2) increase rcM^ly tivar- 
fold. It is likely that aircraft fuel punps would be able to handle vis- 
cosities that are only four or five tiaes that of Jet-A. 

It is also ttve that oincent rat ions as high as 3000 ppn should not be 
necessary. Using sparks of 0.5 J, Chao et al.* sho«red that c 3 10 to 100 pfm 
should suffice for 1230 ui^er clrcuastances of spark Ignition. FSrtheraore, 
Kapelke^ found with a large-scale flaae-ignition device (adopts by tha 
Federal Aviation Ateinistratlon) that c ■ 1(M)0 pisi of 1230 was at least as 
effective there as 3000 ppn of FI9. It is significant that n(c)-increases 
with 1230 in this practical and effective range — 100 to 1000 ppn — ^are <mly 
two-fold (Fig. 2} at Host. 

It should also be noted that the other PIB's have n-lncreases conparable 
to that of 1230 — l.e.. two-fold at c > 1000 ppw. Dilute-solution shear 
viscosities a'e rather insensitive functions of polyaer aolecular weight. ]bi 
view of the clear superiority of 1230 as a flane suppressant/antinisting 
agent it seems reasonable to focus attention on polyo»rs only of the 
highest possible molecular weight — actually. In] " seems to be the best 
correlating parameter* — and thus on the production or extraction of PIB's with 
fi still higher than that of c<»BBercial B230. TIk penalty in terms of 
Increased n is trivial in comparison with major improvements in AN behavior as 
R (or [n]) increases. 

The very modest polymer-induced increase in viscosity is reflected also 
in Fig. 3 (c ~ 500 p|») where curves for all PIB solutions are quite close to 
the Jet-A curve. The T-dependence of i}(T) for all solutions follows closely 
the solvent behavior, as expected, and this fact is likely to prevail down to 
-45.6*C (-50"F) as well. Thus, if n(T) for Jet A were known at -50*A, the 
viscosities of PIB solutions at 500 ppn could be estimated with some accuracy 
— provided that saturation limits vere not exceeded at the lower temperatures . 

Figure 4 shows this same T-dependence to be manifested at 3000 ppm as 
well, although the upturn for L160 at -25*C (suggested by one point) would 
seen to violate this. While this higher-than-expected n at 3000 ppn might be 
explained at -25* C as due to colloidal precipitation, no such event was 
actually observed and seems unlikely in view of the normal behavior of n(T) 
for the hlgher-M polymers (B200, B230) which seen better candidates for having 
limited solubility. It is more likely that the single high point in Fig. 4 
for L160 (at -25*C) is spurious, representing data scatter. This view is 
reinforced by Fig. 1, wherein the sane point is seen to be inconsistent with 
the trend of all data shown there as well. 

Even though magnitudes of n(c,T) for PIB's in Jet-A seem small enough, it 
is good to bear in mind that fuel pumpability depends on other factors as 
well. In particular, fluid elasticity enhances greatly the elongational 
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OP POOR 


viscosity n that aay play a aajor cola ia puap and filter perfomaaM* 
CONCUISKM 

Iscraases ia the shear viscosity n(c,1) for PIl Mlutioaa ia Jet*A tx% 
quite aodest* dom to -25*Ct and im> signs of cheaical instability axe found* 
hipest value recorded here ims for B230 at 3(MK) ppa at -*2S*C* for tdii^ 
n *■ 24 cp* S is expected that viscosities for the range **46* to **25*C will 
e^diihit the saM trei^s as found in the present data* but neasureaeats of 
these must await further funding* 
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Fig. 1. Viscosity dependence on concentration for two PIB polyaers (L160, 
L200) dissolved In Jet-*A. The polymers are compared at **25*C (top 
two curves), 0*C, and ■I■2S*C (bottom two curves). 
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Fig. 2. Like Fig. 1. except that the two polymers are B200 aod B230. 
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Fig. 4, Like Fig. 3, except that the concentration la 3000 ppa. 





